The Research Problems section presents unsolved problems in discrete mathematics. In special issues, these typically are problems collected by the guest editors. In regular issues, they generally consist of problems submitted on an individual basis.
Comment. The restriction on n is necessary. Otherwise, there are counterexamples with exactly two single-edge subgraphs in the decomposition: the simplest is the complete graph on 4 vertices, and Sachs found a counterexample on 7 vertices (see [2] ). Indeed, counterexamples exist for all n congruent to 1 mod 3. On the other hand, if there are no triangles in the decomposition, then the maximum degree is 3, and the answer follows immediately from Brooks' theorem. The problem is to determine what happens between these extremal cases, and the conjecture is that the chromatic number never rises above 3.
When there is only one loose edge, Häggkvist and Johansson (personal communication) proved that the answer is positive, using the same method as Fleischner and Stiebitz. For graphs on at most 12 vertices, the proposer has verified the conjecture using exhaustive search by computer. 
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The choosability with separation s of G, denoted ch s (G), is the smallest k such that, for any k-list assignment, a colouring c can be found with c(v) ∈ L(v) for v ∈ V , and |c(v) − c(w)| s for vw ∈ E; hence ch 1 (G) = ch(G).
Problem. For s 2, find an upper bound for ch s (G) in terms of ch(G).
Conjecture. For all s 2 and every graph G, ch s (G) (2s − 1)(ch(G) − 1) + 1.
Comment. The best general upper bound known to the proposer is superexponential, based on a probabilistic result of Alon [1] which relates ch(G) to the average degree of G. However, the correct bound surely ought to be linear. The conjectured value is attained, for any s 2 and ch(G) = k 2, by the complete bipartite graph
The conjecture has been proved for graphs with ch(G) = 2, using the structural description of such graphs in [2] . This proof method is unlikely to work in general since, for k 3, no structural characterisation of graphs G with ch(G) k is known (and it is unlikely that any useful characterisation exists). The conjecture and some related results appear in [3] . 
PROBLEM 913. (BCC20.5) Mediated digraphs

G. Gutin Department of Computer Science, Royal Holloway, University of London, Egham, Surrey TW20 0EX, UK E-mail:gutin@cs.rhul.ac.uk
A digraph D is mediated if every two nonadjacent vertices x and y have a common successor (a vertex z such that xz, yz ∈ E(D)). Tournaments and symmetric digraphs of diameter 2 (we allow 2-cycles) are mediated. Mediated digraphs are models of quantum nonlocality in quantum mechanics; this connection is discussed in [1] .
Let
}, and let (n) be the minimum of − (D) over mediated digraphs with n vertices. The figure below shows that (6) 2. For n 4, it is easy to show that (n) > 1. The value of (n) is of interest in the quantum mechanical context.
Question 1. Is it true that
Conjecture 2. There is a constant c such that (1)) (see [1] ). The lower bound comes from an easy counting argument. Equality holds when n = q 2 + q + 1 if and only if there is a projective plane of order q. 
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where 
where i ∈ (0, 1] and
Conjecture. If G is a simple graph with pq vertices, then L(G) is separable with respect to p and q if and only if (G) = (G ).
Comment. This conjecture is interesting in the context of quantum information theory (see [1, 2, 3] Let s and t be the numbers of positive and negative eigenvalues of the adjacency matrix of a graph. Torgašev [2] (see also [1] ) proved that s is bounded when t is fixed.
Question. What is the best bound on s as a function of t? In particular, is there a polynomial (or even a quadratic) bound?
It is thought that some Paley graphs might satisfy (P q ) (2− ) log 2 q for some > 0. Since P q is self-complementary, (P q ) = (P q ), so such a result would improve the lower bound on diagonal Ramsey numbers. This is very hard, but progress on the parity question may throw some light on it.
If q is a square, then (P q ) = √ q. A conjecture of Baker et al. [1] would then imply that the second largest maximal cliques in P q have odd order. 
PROBLEM 918. (BCC20.10) A determinant problem
PROBLEM 919. (BCC20.12) Two conjectures on cylinders
Simeon Ball
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A cylinder is the union of p parallel lines in the affine space AG (3, p) , where p is prime. We seek characterisations of cylinders.
We say that a direction (a parallel class of lines) is not determined by a point set S if every line in the class contains at most one point of S.
Conjecture 1 (Strong cylinder conjecture).
Let S be a set of p 2 points in AG (3, p) . If |S ∩ P | is divisible by p for every plane P , then S is a cylinder.
Conjecture 2 (Weak cylinder conjecture).
Let S be a set of p 2 points in AG (3, p) . If there are at least p directions that are not determined by S, then S is a cylinder.
Comment.
If S is a set of p 2 points and at least p directions are not determined by S, then |S ∩ P | is divisible by p for every plane P (see [1, Theorem 2.2] ). Thus, Conjecture 1 implies Conjecture 2.
Question. When does an (N − 1) × k array A exist such that R A (T ) ⊆ R A (T ) for all T ?
Comment. A necessary condition is that |R A (T )| N − 1 for all T . A rather strong sufficient condition is that A has two rows that never have nontrivial entries in the same column. Collapsing the two rows while retaining the nontrivial elements yields the desired A (note that R A (T ) is a set of row vectors, not a set of row indices We use the notation SBIBD(v, k, ) for a symmetric balanced incomplete block design with v varieties (or "points" or "treatments") and v blocks, and with k entries per block. The parameter is irrelevant to the present problem, which concerns SBIBDs with v = ck ± 1 for some c > 1.
Consider the following 7-cyclically generated 15 × 15 array :   -111  222  333  444  555  666  777  -------111  ---657  -734  426  ---573  -342  265  222  537  ---761  -145  376  ---614  -453  333  256  641  ---172  -564  417  ---725  -444  -367  752  ---213  -675  521  ---136  555  324  -471  163  ---247  -716  632  ---666  -435  -512  274  ---351  -127  743  --777  --546  -623  315  ---462  -231  154  -----725  -453  632  111  546  274  -367  ---743  ---136  -564  -222  657  315  -471  --675  154  ---247  ---333  761  426  -512  --716  265  ---351  623  --444  172  537  --462  -127  376  ----734  --555  213  641  --573  -231  417  --752  -145  --666  324  ---614  -342  521  -435  163  -256  --777 If each triple in this array is replaced by a 1, and each dash by a 0, then we obtain the incidence matrix of an SBIBD(15, 7, 3). For each choice of distinct positions r and s in {1, 2, 3} and distinct elements i and j in {1, . . . , 7}, there are two entries having i in position r and j in position s, and there are three entries having i in both positions.
Question. Let A be the incidence matrix of an SBIBD(v, k, ) with v = ck + , where ∈ {+1, −1}. Under what conditions does there exist a v × v array, with a triple in each position where A is 1 and empty entries where A is 0, such that for distinct i, j ∈ {1, . . . , k} and r, s ∈ {1, 2, 3}, there are c entries in the array whose rth position is i and sth position is j , and there are c + entries whose rth position and sth position are both i? That is, restricting to any two coordinate positions yields a k × k incidence matrix equal to cJ + I , where J is the all-1 matrix, and incidence is common occurrence.
Comment. The 15×15 array above appears in [1] , along with a similar 13×13 array for (v, k, )=(13, 4, 1) . However, no similar array is known for any other parameter-set (v, k, ) with v = ck ± 1, and no array is known containing 4-tuples satisfying the analogous conditions. Finding such arrays for further parameter-sets is an important problem in the construction of balanced hyper-Graeco-Latin designs. Attention is particularly drawn to those SBIBDs with (v, k) = (2p + 1, p) , where p ≡ 3 mod 4, which include the Paley designs.
A permutation of {1, . . . , n} is indecomposable if there is no index k with 0 < k < n such that carries the set {1, . . . , k} to itself. Let c n be the number of indecomposable permutations of {1, . . . , n}. See Comtet [1] .
Dixon [2] calculated the number of ordered pairs of permutations of {1, . . . , n} that generate a transitive subgroup of the symmetric group S n . This number turns out to be (n − 1)! · c n+1 .
Problem. Find a bijective proof of this fact. That is, find a bijection from the set of pairs of permutations generating a transitive subgroup of S n to the set of pairs ( , ), where ∈ S n−1 , ∈ S n+1 , and is indecomposable.
